SUMMARY Oxygen derived free radicals have been implicated in the pathogenesis of acute pancreatitis in numerous animal models of the disease. The xanthine oxidase inhibitor allopurinol has been shown to attenuate pancreatic damage in canine and mouse models of acute pancreatitis presumably by preventing the generation of cytotoxic superoxide anions. We therefore examined whether allopurinol could attenuate pancreatic injury in conscious rats with caerulein induced acute pancreatitis. A continuous intravenous infusion of allopurinol (20 mg/kg/h) for six hours along with an acute pancreatitis producing dose of caerulein (10 gg/kg/h) reduced pancreas weights by approximately 45% and serum amylase concentrations by approximately 60% compared with rats intravenously infused with either caerulein alone or caerulein plus a lower dose (10 mg/kg/h) of allopurinol. We conclude that the generation of oxygen derived free radicals via pancreatic xanthine oxidase represents an early and perhaps pivotal mechanism in the pathogenesis of acute pancreatitis.
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Oxygen derived free radicals -for example, superoxide anion and hydroxyl radical, have been implicated recently in the pathogenesis of acute pancreatitis (AP).' Work by Sanfey et al'`has shown in the isolated, perfused canine pancreas that acute pancreatitis induced by three different methods (a period of total arterial occlusion followed by reperfusion, partial pancreatic duct obstruction coupled with secretin administration, or perfusion of the pancreas with a free fatty acid) is significantly prevented by prior treatment with the free radical scavenging enzymes superoxide dismutase and catalase. Moreover, these workers also showed in the same models of acute pancreatitis that the xanthine oxidase inhibitor allopurinol also significantly lowered hyperamylasaemia in the pancreas perfusate and reduced pancreatic oedema.4 Recent studies by Rutledge and coworkers in mice with diet induced acute pancreatitis showed that pretreatment with allopurinol or dimethylsulphoxide (DMSO) significantly reduced pancreatic oedema but failed to alter hyperamylasaemia or mortality rates. 5 Xanthine oxidase (derived from proteolytic conversion of the ubiquitous NAD+ dependent enzyme xanthine dehydrogenase) uses molecular oxygen as a cofactor and converts tissue xanthine and hypoxathine to uric acid with superoxide anion and hydrogen peroxide as by products. The attenuation of acute pancreatitis in the canine and mouse models by allopurinol inhibition of xanthine oxidase is, therefore, consistent with the concept that allopurinol prevents the generation of cytotoxic superoxide anion.'
In the present study we 
Results

MACROSCOPIC OBSERVATIONS
In confirmation of our previous findings""' the macroscopic appearance of the pancreas of rats killed after a six hour continuous iv infusion of caerulein (10 [tg/kg/h) was characterised by gross oedema and inflammation and peritoneal ascites was present (Table) . No change in these parameters was evident in rats infused for six hours with the low dose of allopurinol ( 10 mg/kg/h) + caerulein. By contrast, the macroscopic appearance of the pancreas in rats infused with the high dose of allopurinol (20 mg/kg/h) +caerulein was characterised by minor to moderate oedema and inflammation and minimal ascitic fluid was present. These latter changes were significantly different from the macroscopic observations in rats infused with either caerulein alone or low dose allopurinol+caerulein (Table) . (Table) .
MICROSCOPIC OBSERVATIONS
The most prominent histological features of the pancreas in rats iv infused with caerulein alone or with low dose allopurinol+caerulein were the presence of marked interstitial oedema and large numbers of variable sized vacuoles in the cytoplasm of the acinar cells. These histopathological changes are fully characteristic of this form of acute pancreatitis."" '3 By contrast and consistent with the macroscopic observations and pancreas weight data (Table) , the histological appearance of the pancreas of rats given high dose allopurinol+caerulein was uniformly characterised by a marked reduction in the extent of interstitial oedema and a diminution in the numbers and size of acinar cell vacuoles. A detailed quantitative, morphometric analysis of these changes, however, was not undertaken in the present study.
Discussion
The results of the present study indicate that a high dose (20 mg/kg/h) iv infusion of allopurinol for six hours significantly prevents pancreas oedema, weight gain, and rises in serum amylase concentrations in conscious rats with caerulein induced acute pancreatitis. By contrast, an iv infusion with low dose (10 mg/kg/h) allopurinol for six hours failed to attenuate caerulein-induced acute pancreatitis. These observations coupled with reported beneficial effects of allopurinol in different animal models of acute pancreatitis45 support the concept that allopurinol, through its inhibition of xanthine oxidase, provides protection against acute pancreatitis by blocking the generation of superoxide anion. The failure of low dose allopurinol to provide any protection against acute pancreatitis induction by caerulein may be related to its inability to effectively inhibit the activity of xanthine oxidase at the concentrations delivered. Saluja et al'5 have also recently reported in abstract form that treatment of rats with allopurinol reduced caerulein induced pancreatic oedema. but failed to alter serum amylase concentrations whereas the present study showed that allopurinol significantly reduced both parameters. The study by Saluja and coworkers,' however, used a lower dose of allopurinol for a shorter duration than that used in the present study.
In preliminary studies (data not shown) we established that continuous iv infusions of allopurinol at concentrations of 40-50 mg/kg/h were associated with toxic side effects -for example, crystalline deposits in the renal calyces and ureters and significant mortality. By contrast, the effective dose of allopurinol in the present study (20 mg/kg/h) for six hours did not produce any early or late untoward side effects.
The present study did not address whether allopurinol is capable of ameliorating pre-existing caerulein induced acute pancreatitis in rats. Recent studies by Sarr et al'6 in an isolated, perfused canine pancreas model of acute pancreatitis have shown, however, that allopurinol given after acute pancreatitis induction is ineffective in arresting the progression of the disease. These latter findings are consistent with the concept that oxygen derived free radical damage to the pancreas in acute pancreatitis is a very early event in the pathogenetic process.' 6 These latter studies were, however, of short duration -for example, four hours, and thus do not rule out possible longer term benefits of allopurinol inhibition of pancreatic xanthine oxidase in acute pancreatitis.
The mechanisms by which oxygen derived free radicals participate in the pathogenesis of caerulein induced acute pancreatitis is unclear although these compounds are known to damage cell membrane lipids, proteins, and DNA.'7-" Oxygen derived free radicals produced locally within the pancreas may also contribute to tissue damage via generation of chemotactic factors for neutrophils which in turn augment the inlammatory process.2' While neutrophil depletion studies have suggested a lack of a direct role for leucocytes in the pathogenesis of acute pancreatitis in isolated, perfused canine pancreas models,"' we are unaware of any studies which have been conducted on neutrophil involvement in acute pancreatitis in conscious, intact animals.
The demonstration in this and other studies4I5 that allopurinol is beneficial in reducing the severity of acute pancreatitis in diverse animal models of the disease and that oxygen free radical scavenging enzymes -for example, superoxide dismutase and catalase, administered to rats with caerulein induced acute pancreatitis partially attenuates the pancreatitic process,23 underscores the concept that generation of oxygen derived free radicals via xanthine oxidase represents an apparent early and perhaps pivotal mechanism in the pathogenesis of acute pancreatitis. 
